Two patients with right aortic arch, anomalous left subclavian artery, and coarctation of the aorta, have had operations for the relief of coarctation, successful in one but only partially successful in the other: in one case, a 'dacron' patch was inserted into the narrowed segment, but a mild recurrence of coarctation was found a year later; in the other, the proximal segment of the anomalous left subclavian artery was usedfor the repair, with complete relief of the coarctation, both immediately and at late follow-up.
Operation (I May 1973) The chest was opened by a left lateral thoracotomy. The oesophagus was situated to the left of the descending aorta; there was post-stenotic dilatation of the aorta, from which arose the left subclavian artery; a left-sided ligamentum arteriosum connected the descending aorta to the left pulmonary artery. Retraction of the oesophagus revealed the coarcted segment 3 cm in length between the origins of the right and left subclavian arteries. This was exposed, and after cross-clamping the aorta proximally and distally, the coarcted segment was opened longitudinally. An onlay patch of woven 'dacron' was sewn on to the opened segment (Fig. 4A ). Resection and end-to-end anastomosis was not feasible because the proximal limit of the coarctation lay in the right side of the mediastinum. The ligamentum was divided. A left superior vena cava was also noted.
Postoperative course Systemic hypertension required treatment initially with trimetaphan camsylate (Arfonad) infusion and intermittent intravenous chlorpromazine, and later with oral methyldopa. After the repair procedure the left leg pulses were normal, but in the right leg no pulse was palpable below the femoral. This was attributed to thrombosis at the site of preoperative femoral arteriotomy. After exploration and thrombectomy, an arterial catheter was passed retrogradely across the previously coarcted segment; no gradient was demonstrated and angiography confirmed successful relief of coarctation; a small false aneurysm was seen at the distal end of the repair (Fig. 3d) . Subsequently all lower limb pulses were normal. Blood pressure averaged I40/90 mmHg (i8.6/12.0 kPa).
He remained well, but was readmitted a year later for correction of the coronary artery anomaly. He was found to have signs of recurrence of coarctation. The femoral pulses were reduced and delayed. The right arm blood pressure was I70/100 mmHg (22.6/I3.3 kPa), but in the left arm the pulses were reduced and blood pressure was ioo/8o mmHg (I3.3/io.6 kPa).
Arch aortogram (Fig. 3e ) confirmed that there was now significant narrowing at the site of the repair. This was associated with a gradient Of 45 mmHg (6.o kPa) between the arch and descending aorta.
It was not thought feasible to repeat the onlay graft procedure; correction by insertion of a tube graft from ascending to descending aorta was considered as an alternative method of treatment, but this further extensive surgery was thought to be unjustified.
Second operation (5 Yuly 1974) The heart was exposed through a median sternotomy. The anterior descending coronary artery was tortuous, but the circumflex artery was inaccessible. On routine cardiopulmonary bypass, the pulmonary trunk was opened in its long axis, and the orifice of the anomalous circumflex coronary artery was seen in the posterior wall of the first centimetre of the right pulmonary artery. This opening was closed by direct suture. Postoperative course He made an uninterrupted recovery. The signs of coarctation remain. Electrocardiogram 5 days after operation showed slight pericardial ST elevation but no change in QRS pattern.
Later tracings showed widespread postoperative T wave inversion, but these changes had disappeared completely within 3 months.
Case 2 An English boy aged 22 months was found to have a cardiac murmur on routine medical examination in infancy. His growth and development were normal, and there were no symptoms; there was no dysphagia or dyspnoea.
On examination he appeared healthy, and height and weight were normal for age. He had a large haemangioma on the right cheek and right side of the neck, and smaller ones on the lips and chin. The left arm pulses were reduced; the blood pressure was i6o mmHg (21.3 kPa) in the right arm and 8o mmHg (io.6 kPa) in the left arm by the Doppler shift method (Elseed, Shinebourne, and Joseph, I973) . The femoral pulses were weak and delayed. The heart was not enlarged; there was a pansystolic murmur (grade 4/6) at the left border of the sternum.
The chest radiograph showed moderate cardiac enlargement and pulmonary plethora; the main pulmonary trunk was prominent and the aortic knuckle invisible. The electrocardiogram was normal for age. Cardiac catheterization ( the coarcted segment to achieve an angioplastic repair (Fig. 4B) The primitive aortic arch system is illustrated digrammatically in Fig. 5A . The sites at which involution occurs to produce the observed patterns of branching in the normal subject and in patients with a right aortic arch are shown. The resulting postnatal right arch patterns are shown in Fig. 5C and D, with the normal for comparison in Fig. 5B . Right aortic arch and coarctation The association of right aortic arch with coarctation is very unusual. Four cases have been reported (Felson and Palayew, I963; Stewart et al., i964;  Grossman and Jacoby, I969; Price and Schieken, I974) in addition to the 2 described here (Table 2) .
Our 2 cases, the case of Stewart et al. (i964) , and that of Grossman and Jacoby (I969) appear to be identical, in possessing right aortic arch, anomalous left subclavian artery arising from the descending aorta distal to the coarctation, and left common carotid, right common carotid, and right subclavian arteries arising in that order from the arch (Type IIIB). This situation is the mirror-image of coarctation of a normal left arch, with anomalous right subclavian artery. Grossman and Jacoby present their case as a 'unique anatomical variation', though it appears to differ in no way from the case of Stewart et al. (i964) . In Felson and Palayew's case (i963) not only was the left subclavian artery aberrant but the left common carotid artery also arose distal to the coarctation: on embryological grounds one would expect these vessels to arise together as an aberrant left innominate artery (Blake and Manion, I962) , but this is neither stated nor denied. In the case reported by Price and Schieken (I974) the pattern of branching was the mirror-image of normal (Type IIIA) and was unusual in being unassociated with cyanotic congenital heart disease. We cannot suggest any plausible mechanism to account for the site of coarctation in these cases. This is neither juxtaductal coarctation nor the isthmal narrowing not uncommonly seen in left-toright shunt situations (Rudolph, Heymann, and Spitznas, I972; Shinebourne and Elseed, I974) , but partial involution of the terminal segment of the primitive right dorsal aortic root, distal to the origin of the seventh dorsal intersegmental artery (which gives rise to the right subclavian artery). This has resulted in the appearance of a coarcted segment distal to the origin of the right subclavian artery in all cases, and in 5 of the 6 cases proximal to an aberrant left subclavian artery (and left common carotid artery in the case of Felson and Palayew, I963 He also has minor skeletal anomalies, and congenital absence of the right kidney. Our Case 2 has a small ventricular septal defect. None of the cases had any form of conotruncal abnormality.
Surgical treatment Surgical correction of coarctation was clearly indicated in both our cases, in the second of whom the presence of a right arch was unsuspected before operation. Because of the difficult access to the proximal end of the coarcted segment of the posterior aortic arch, resection with end-to-end anastomosis was not technically feasible. In both cases, the coarcted segment was opened longitudinally and its internal diameter increased, in i case with a 'dacron' onlay graft, and in the other by using the proximal portion of the aberrant left subclavian artery for the same purpose. When Case i was reexamined a year after operation it was clear that coarctation had recurred and this was confirmed by pressure measurements and aortography; it was thought that any further attempt to correct the coarctation would be a difficult and hazardous procedure. In Case 2, normal femoral pulses and normal right arm and lower limb blood pressure 13 months after operation confirm the adequacy of the repair procedure.
Unfortunately no details of the operation are given in 2 of the other cases (Felson and 
